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(54) OPTICAL SCANNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a torsional vibration type optical 
scanner whose driving voltage is low wherein the deflection angle of a 
mirror is electrostatically driven even at the time of driving with high 
frequency, and to provide the manufacturing method of the optical 
scanner. 

SOLUTION: In this scanner, a mirror supported by plural beams provided 
on the same line is reciprocated with the beam as a torsional rotation axis 
by electrostatic attractive force between the mirror and a counter 
electrode provided at a position opposed to the mirror. The counter 
electrode is provided with an inclined surface in non-parallel with the 
mirror and a groove is formed at least at one part on the inclined surface. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the light-scanning equipment which the aforementioned beam is twisted [ equipment ] and carries out 
both-way vibration of the aforementioned mirror substrate as the axis of rotation by the electrostatic attraction between 
the mirror substrate supported with two or more beams prepared on the same straight line, and the counterelectrode 
prepared in the position which counters this mirror substrate The aforementioned counterelectrode is light-scanning 
equipment which prepares the inclined plane which is not parallel to the mirror side of the aforementioned mirror 
substrate, and is characterized by the thing of a field opposite to this inclined plane top and/or the mirror side of the 
aforementioned mirror substrate for which the slot was formed in part at least. 

[Claim 2] It is light-scanning equipment characterized by forming the aforementioned slot along the inclination 
direction of the aforementioned counterelectrode in light-scanning equipment according to claim 1 . 
[Claim 3] The aforementioned slot is light-scanning equipment according to claim 1 or 2 characterized by being 
formed in a field opposite to the mirror side of a mirror substrate. 

[Claim 4] Light-scanning equipment characterized by carrying out abbreviation parallel and forming the 
aforementioned slot in the inclination direction of the aforementioned counterelectrode in light-scanning equipment 
according to claim 3. 

[Claim 5] the tilt angle of the aforementioned counterelectrode, and the deflection angle of the mirror section which 
carries out torsional oscillation - abbreviation - light-scanning equipment given in any 1 term of the claims 1 -4 
characterized by the same thing 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the light-scanning equipment which has a 

microoptics system adapting the micromachining technology. 

[0002] 

[Description of the Prior Art] IBM J.Res.Develop Vol.24 (1980) **** - light-scanning equipment (torsional- 
oscillation type light-scanning equipment of an electrostatic drive) is carried This light-scanning equipment twists two 
aforementioned beams, and they are made it to carry out both-way vibration as the axis of rotation by the electrostatic 
attraction between the electrodes which the mirror supported with two beams on the same straight line was prepared, 
and were prepared in the position which counters this mirror and this mirror. This light-scanning equipment is easy 
structure as compared with the light-scanning equipment by rotation of the polygon mirror using the conventional 
motor, and package formation is possible for this light-scanning equipment by the semiconductor process using a 
micromachining technology. For this reason, a miniaturization is easy, and since it is a both-way scan further, the 
effect of being able to respond also to improvement in the speed is expectable [ since a manufacturing cost also has a 
single reflector low moreover, there is no dispersion by profile irregularity, and ]. With such torsional-oscillation type 
light-scanning equipment of the aforementioned electrostatic drive, in order to lower driver voltage, when inter- 
electrode distance which drives a mirror and a mirror was made small, there was a fault that the deflection angle of the 
mirror by drive will become small. For this reason, in order to lower driver voltage, without changing the deflection 
angle of a mirror, it is The 13 th Annual International Workshop on MEMS2000 (2000) 645-650. The method of 
making a counterelectrode which is indicated incline from the center position of the deflection of a mirror, and 
installing it is learned. Moreover, with such torsional-oscillation type light-scanning equipment of an electrostatic 
drive, when a mirror and an inter-electrode distance are set up small and the high-speed drive of the mirror is carried 
out, the viscosity of the air between a mirror and an electrode influences and there is a trouble that the deflection angle 
of the mirror in high frequency becomes small. How to form a slit-like slot in polar zone which is indicated by JP,1 1- 
1493 3, A in order to prevent this is also learned. 
[0003] 

[Problem(s) to be Solved by the Invention] In the torsional-oscillation type light-scanning equipment of such an 
electrostatic drive, if a counterelectrode is made to incline from the center position of the deflection of a mirror and is 
installed, the distance of a counterelectrode and a mirror will become small substantially. If the high-speed drive of the 
mirror is carried out by this, the deflection angle of the mirror in high frequency will become small under the influence 
of viscous of a mirror and inter-electrode air. In order to prevent it, when the slit-like slot was formed in the polar zone, 
the formation direction of a slot twisted, a beam, since it was parallel, when it was vibration, disorder occurred with the 
flow of air, and it was not able to prevent effectively that a deflection angle fell, this invention solves the trouble in 
such conventional technology, and driver voltage is low and it aims at the deflection angle of a mirror offering the 
torsional-oscillation type light-scanning equipment of an electrostatic drive also at the time of the drive by high 
frequency. 
[0004] 

[Means for Solving the Problem] The mirror substrate supported with two or more beams with which the light- 
scanning equipment of a claim 1 was formed on the same straight line, In the light-scanning equipment which the 
aforementioned beam is twisted [ equipment ] and carries out both-way vibration of the aforementioned mirror 
substrate as the axis of rotation by the electrostatic attraction between the counterelectrodes prepared in the position 
which counters this mirror substrate the aforementioned counterelectrode The inclined plane which is not parallel to 
the mirror side of the aforementioned mirror substrate is prepared, and it is characterized by the thing of a field 
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opposite to this inclined plane top and/or the mirror side of the aforementioned mirror substrate in which the slot was 
formed, in part at least. Light-scanning equipment according to claim 2 is characterized by forming the aforementioned 
slot along the inclination direction of the aforementioned counterelectrode in light-scanning equipment according to 
claim 1 Invention of light-scanning equipment according to claim 3 is characterized by forming the aforementioned 
slot in a field opposite to the mirror side of a mirror substrate in claims 1 or 2. Invention of light-scanning equipment 
according to claim 4 is characterized by carrying out abbreviation parallel and forming the aforementioned slot in the 
inclination direction of the aforementioned counterelectrode in light-scanning equipment according to claim 3. the 
deflection angle of the mirror section in which invention of light-scanning equipment according to claim 5 carries out 
torsional oscillation to the tilt angle of the aforementioned counterelectrode in light-scanning equipment given in any 1 
term of claims 1-4 ~ abbreviation ~ it is characterized by the same thing 

[0005] , , . 4 . 

[Embodiments of the Invention] Hereafter, an operation gestalt explains this invention for the composition ot this 

invention, operation, etc. . . 

The light-scanning equipment in the 1st operation gestalt is shown in 1st operation gestalt drawing j . Drawings (a) is 
the front view of the whole light-scanning equipment, drawing 1 (b) is a cross section containing the drive electrode, 
and d rawin g 1 (c) is the front view of an electrode substrate. Moreover, the configuration of the drive polar zone is 
expanded "and shown in drawing 1 (d), and the enlarged view near the summit of a ridge is shown in drawingj (e). 
Mirror 101 Formed mirror substrate 102 2 The torsion beam 103 of a book, and 104 It is supported and is a frame 105. 
It is fixed, electrode substrate 106 the bottom of the center position of the deflection of a mirror - summit 107 of a 
ri( ige ****** „ the direction of a deflection of a mirror - swaying - an angle equal (abbreviation) to an angle ~ 
inclining - **** ~ two or more slots [ inclined plane ] 108 It is formed in the inclination and the abbreviation 
rectangular cross direction. Moreover, in each inclined plane, it is the drive electrode 109 and 1 10. It is formed and is 
there to the electrode pad 1 1 1 , and 1 12. It is pulled out. By impressing voltage to two electrodes which separated and 
prepared the gap in the position where a mirror substrate rear face counters considering the mirror substrate supported 
with two torsion beams as a common electrode by turns, the electrostatic attraction was able to occur in a mirror 
substrate and drive inter-electrode, and both-way vibration of the mirror was able to be carried out. At this time, the 
mirror was able to be driven on voltage smaller than the case where it is the parallel pole from which the whole 
separated 1.0 micrometers of distance on the rear face of a mirror substrate which is the inclined drive electrode and 
the inclined common electrode by being referred to as the minimum 0.1 micrometers in the place near the ridge 
position of an electrode substrate (micron meter), and the greatest 1 .0 micrometers in the position most distant from 
there. Moreover, the fall of a variation rate was not seen to frequency higher than the case where the slot is not formed 
in the inclined plane. In addition, alpha shows a mirror deflection angle to drawing. I (e). 
[0006] The Manufacture method of the 1 st operation gestalt>, next the manufacture method of the 1 st operation 
gestalt of the light-scanning equipment of this invention are explained using drawing! . First, the manufacture method 
of a mirror substrate is explained. The silicon substrate 202 (200 micrometers in for example, thickness) by which 
Si02 film 201 (1 5 micrometers in for example, thickness) is formed in both sides and by which double-sided polish 
was carried out is directly joined to the silicon substrate 203 (200 micrometers in for example, thickness) by which 
double-sided polish was carried out (refer to drawing 2 (a)), this time - silicon substrate 203 Silicon substrate 202 It 
set up so that fixed distance might be seen from a periphery and it might come out (for example, about 1mm graded 
This flash section is for building an electrode probe behind in the case of the anode plate junction to a glass-electrode 
substrate. Next, it is CMP (Chemical Mechanical Polishing) to 80 micrometers in thickness about the silicon substrate 
203 in which Si02 film is not formed. It ground with high precision (refer to drawjng.2 (b)). The thickness at this time 
turns into thickness of a mirror substrate. Next, silicon substrate 202 Si02 upper film 201 By **********mg by 
fluoric acid with a resist mask, patterning was carried out to the frame configuration (refer to drawing 2 (c)). Next, 
silicon substrate 202 Anisotropic etching was carried out in KOH solution until Si02 of a junction interface appeared 
with Si02 mask (refer to drawing 2 (d)). At this time, the end face and rear face of a silicon substrate protected using 
the alkali-proof wax so that an etching reagent could not be touched. In addition, although the KOH solution was used 
as anisotropic etching liquid here, silicon and the etch selectivity of Si02 may use other sufficiently large anisotropic 
etching liquid (tetramethylammonium hydroxide), for example, TMAH, a hydrazine, etc. Moreover, although Si02 is 
used as a mask material at the time of anisotropic etching here, you may use other thin film materials to which it does 
not ********** by mis etching reagent using the etching reagent of silicon, for example, a SiN film, the bilayer turn ot 
SiN/Si02, etc. as mask material of anisotropic etching. Next, etching removal of the Si02 film used as an etching mask 
was carried out by fluoric acid (refer to drawing 2 (e)). Thus, aluminum was formed in the formed silicon flat side by 
the mask spatter method as a charge of a reflector of laser (refer to drawing 2 (f)). . In addition, although membranes 
were formed by the spatter here, using aluminum as a metal thin film, if it is the metal thin film from which required 
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sufficient reflection factor is obtained.to the laser beam to be used, other materials are also selectable (for example, Au, 
Cu, Pt, etc.), and the forming-membranes method can also use not only a spatter but a vacuum deposition method etc. 
[0007] Next, the beam and the mirror substrate were formed by penetrating a silicon flat side by dry etching by using a 
resist as a mask (refer to drawing 2 (g)). Next, the manufacture method of an electrode substrate is explained. 1mm in 
first, thickness Way silica-glass substrate 205 It is the resist 206 with a thickness of 1.5 micrometers upwards. It 
applied (refer to _drawing._2 (h)). Next, the distribution was given to the exposure depth of a resist by using the photo 
mask which gave the distribution for a numerical aperture. The distribution configuration was designed so that an 
electrode configuration might incline at this time. The resist configuration reflecting the electrode configuration was 
formed in developing this resist (refer to drawing 2 (i)). It is a glass substrate 204, using this resist as a mask. By 
carrying out dry etching, the resist configuration was imprinted by the glass substrate according to the etch selectivity 
of a resist and a glass substrate (refer to drawing 2 (j)). Subsequently, the slot was formed by carrying out patterning of 
the resist formed in the glass-substrate front face, and carrying out depth dry etching of 0.5 micrometers of the glass of 
a ramp by making it into a mask (refer to draw i n g 2 (k)). It is the two-layer film 207 of Au/Ti as an electrode after 
removing a resist. It formed by the mask spatter method (refer to drawing 2 (1)). Thus, the mirror substrate and 
electrode substrate which were produced were joined by anode plate junction (refer to drawing 2 (m)). Anode plate 
junction is several 100 V, heating a glass substrate and a silicon substrate to 400 - 500 **. It is the method of joining 
directly by impressing voltage among both substrates. Since this method can join both substrates without mediation of 
adhesives etc., it can specify correctly a minute inter-electrode distance after a light-scanning equipment assembly. 
[0008] The front view of the electrode substrate of the light-scanning equipment in the 2nd operation form was shown 
in <2nd operation form> drawing 3 . electrode substrate 301 the bottom of the center position of the deflection of a 
mirror - summit 302 of a ridge ****** - the direction of a deflection of a mirror - swaying - an angle equal to an 
angle ~ inclining -- ****-- two or more slots [ inclined plane ] 303 It is formed along the inclination direction. 
Moreover, in each inclined plane, it is the drive electrode 304 and 305. It is formed and is the electrode pad 306 and 
307 from there. It is pulled out. the light-scanning equipment in the 1st operation form which showed the composition 
of a mirror substrate to drawing 1 (a) and (b), and abbreviation ~ it is the same, and the mirror substrate in which the 
mirror was formed is supported with two torsion beams, and is being fixed to the frame By impressing voltage to two 
electrodes which separated and prepared the gap in the position where a mirror substrate rear face counters considering 
the mirror substrate supported with two torsion beams as a common electrode by turns, the electrostatic attraction was 
able to occur in a mirror substrate and drive inter-electrode, and both-way vibration of the mirror was able to be carried 
out. At this time, distance on the rear face of a mirror substrate which is the inclined drive electrode and the inclined 
common electrode was set to the greatest 1 .0 micrometers in the minimum position left most 0.1 micrometers in the 
nearest place (ridge position of an electrode substrate). By this, the mirror was able to be driven on voltage smaller 
than the case where it is the parallel pole which 1 .0 micrometers of whole left. Moreover, as compared with the case 
where the slot is not formed in the inclined plane, the fall of a variation rate was not seen to high frequency by this 
invention. Furthermore, operation of a mirror was stable and blurring of an optical axis was smaller than the case 
where the slot is formed in the rectangular direction to the inclined plane. 

The cross section which contained the drive electrode of the light-scanning equipment in the 3rd operation form in 
<3rd operation form> drawing 4 is shown. Mirror 401 Formed mirror substrate 402 It is supported by two torsion 
beams (not shown) and is a frame 403. It is fixed. Two or more slots 404 are formed in the mirror substrate rear face at 
the torsion beam and the parallel direction, electrode substrate 405 the bottom of the center position of the deflection of 
a mirror - summit 406 of a ridge ****** ~ it sways in the direction of a deflection of a mirror, and inclines at the 
angle equal to an angle Moreover, in each inclined plane, it is the drive electrode 407 and 408. It is formed and is the 
electrode pad 409 and 410 from there. It is pulled out. When voltage was impressed to two electrodes which separated 
and prepared the gap in the position where a mirror substrate rear face counters considering the mirror substrate 
supported with two torsion beams as a common electrode by turns, the electrostatic attraction was able to occur in a 
mirror substrate and drive inter-electrode, and both-way vibration of the mirror was able to be carried out. At this time, 
the mirror was able to be driven on voltage smaller than the case where it is the parallel pole from which the whole 
separated 1 .0 micrometers of distance on the rear face of a mirror substrate which is the inclined drive electrode and 
the inclined common electrode by being referred to as the minimum 0.1 micrometers in the place near the ridge 
position of an electrode substrate, and the greatest 1.0 micrometers in the position most distant from there. Moreover, 
the fall of a variation rate was not seen to several kHz high frequency rather than the case where the slot is not formed 
in the mirror substrate rear face. 

[0009] The cross section which contained the drive electrode of the light-scanning equipment in the 4th operation form 
in <4th operation form> drawin g 6 is shown. Mirror 601 Formed mirror substrate 602 It is supported with two torsion 
beams (not shown), and is a frame 603. It is fixed. Two or more slots [ rear face / mirror substrate ] 604 It twists and is 
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formed in the beam and the rectangular direction, electrode substrate 605 the bottom of the center position of the 
deflection of a mirror -- summit 606 of a ridge ****** -- it sways in the direction of a deflection of a mirror and 
inclines at the angle equal to an angle Moreover, in each inclined plane, it is the drive electrode 607 and 608. It is 
formed and is the electrode pad 609 and 610 from there. It is pulled out. By impressing voltage to two electrodes which 
separated and prepared the gap in the position where a mirror substrate rear face counters considering the mirror 
substrate supported with two torsion beams as a common electrode by turns, the electrostatic attraction was able to 
occur in a mirror substrate and drive inter-electrode, and both-way vibration of the mirror was able to be earned out At 
this time the mirror was able to be driven on voltage smaller than the case where it is the parallel pole from which the 
whole separated 1.0 micrometers of distance on the rear face of a mirror substrate which is the inclined drive electrode 
and the inclined common electrode by being referred to as the minimum 0.1 micrometers in the place near the ridge 
position of an electrode substrate, and the greatest 1.0 micrometers in the position most distant from there. Moreover, 
the fall of a variation rate was not seen to frequency higher than the case where the slot is not formed in the mirror 
substrate rear face. Furthermore, operation of a mirror was stable and blurring of an optical axis was smaller than the 
case where the slot is formed on a torsion beam in parallel. 

rOOlOl Other manufacture methods of the light-scanning equipment of the manufacture method ot 4th operation 
form> this invention are explained using drawing 5 . This manufacture method forms light-scanning equipment like the 
above except forming a slot in the manufacture method of said 1st operation form, and the rear face of the mirror 
substrate which forms a mirror side. That is, it is Si02 film 501 with a thickness of 1 .5 micrometers to both sides. 
Silicon substrate 502 with a thickness of 200 micrometers currently formed by which double-sided polish was carried 
out Silicon substrate 503 with a thickness of 200 micrometers by which double-sided polish was earned out It joins 
directly (refer to drawing 5 (a)). . this time - silicon substrate 503 Silicon substrate 502 A penphery to about 1mm It 
was made to see and come out. This flash section is for building an electrode probe in the case of the anode plate 
junction to a next glass-electrode substrate. Next, silicon substrate 503 in which Si02 film is not formed It ground with 
high precision by CMP (Chemical Mechanical Polishing) to 80 micrometers in thickness, and the slot with a depth ot 
0.5 micrometers was formed in the polished surface by dry etching by using a resist as a mask prefer to towng 5 (b)). 
The thickness at this time turns into thickness of a mirror substrate. Next, silicon substrate 502 By ******** ing by 
fluoric acid with a resist mask, patterning of the Si02 upper film 501 was carried out to the frame configuration (refer 
to drawing 5 (c)). Next, silicon substrate 502 Anisotropic etching was carried out in KOH solution until Si02ot a 
junction interface appeared with Si02 mask (refer to drawing 5 (d)). At this time, the end face and rear face of a silicon 
substrate protected with the alkali-proof wax so that an etching reagent could not be touched. In addition, although the 
KOH solution was used as anisotropic etching liquid here, silicon and the etch selectivity of Si02 may use other 
sufficiently large anisotropic etching liquid, for example, TMAH, a hydrazine, etc. Moreover, although Si02 is used as 
a mask material at the time of anisotropic etching here, you may use other thin film matenals which do not 
********** t0 the etching rea g ent of silicon, for example, a SiN film, a SiN/Si02 bilayer film, etc. Next, etching 
removal of the Si02 film used as an etching mask was carried out by fluoric acid (refer to drawing^ (e)). Thus, 
aluminum was formed in the formed silicon flat side by the mask spatter method as a charge of a reflector of laser 
(refer to drawing 5 (f)). In addition, although aluminum was formed by the spatter as a metal thin film here, it it is the 
metal thin film from which required sufficient reflection factor is obtained to the laser beam to be used, other materials, 
such as Au, are also selectable and not only a spatter but a vacuum deposition method etc. can also use the forming- 
membranes method. Next, the beam and the mirror substrate were formed by penetrating a silicon flat side by dry 
etching by using a resist as a mask (refer to drawing^ (g)). 

[001 1] Next, the manufacture method of an electrode substrate is explained. 1mm in first, thickness Way sihca-glass 
substrate 505 It is the resist 506 with a thickness of 1.5 micrometers upwards. It applied (refer to drawing! (h)). Next, 
the distribution was given to the exposure depth of a resist by using the photo mask which gave the distnbution tor a 
numerical aperture. The distribution configuration was designed so that an electrode configuration might incline at this 
time The resist configuration reflecting the electrode configuration was formed in developing this resist (reter to 
drawin g 5 (i)) It is a glass substrate 504, using this resist as a mask. By carrying out dry etching, the resist 
configuration was imprinted by the glass substrate according to the etch selectivity of a resist and glass (refer to 
drawing 5 (i)) It is the two-layer film 507 of Au/Ti as an electrode after removing a resist. It formed by the mask 
spatter method (refer to drawing! (k)). Thus, the mirror substrate and electrode substrate , which were produce i were 
joined by anode plate junction (refer to drawin g 5 (1)). Anode plate junction is several 1 00V, heating a glass substrate 
and a silicon substrate to 400 - 500 **. It is the method of joining voltage directly by impressing among both 
substrates Since this method can join both substrates without inclusion, such as adhesives, it can specify conectly a 
minute inter-electrode distance after a light-scanning equipment assembly. In addition the chemical for amsotropy 
polishes such as TMAH used for the numeric value and CMP in the operation form of said this invention, etc. is mere 
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instantiation, and it is used in the range which does not change the meaning of this invention, changing it suitably. 
[0012] 

[Effect of the Invention] By the electrostatic attraction between the electrodes which prepared the mirror supported 
with two beams prepared on the same straight line of the claim 1 of this invention in the position which counters a 
mirror In the light-scanning equipment which twists two beams and carries out both-way vibration as the axis of 
rotation the aforementioned counterelectrode The inclined plane which is not parallel to the mirror side of the 
aforementioned mirror substrate is prepared, with the light-scanning equipment of a field opposite to this inclined plane 
top and/or the mirror side of the aforementioned mirror substrate in which the concave configuration (slot) is formed in 
part at least Since the distance of a counterelectrode and a mirror is small so that the deflection angle of a mirror may 
not change Since it not only can lower driver voltage, with a light-scanning angle maintained, but the slot formed in the 
electrode eases the influence of viscous of air even if the distance of a counterelectrode and a mirror becomes small, 
the deflection angle of a mirror is maintainable to high frequency. In the light-scanning equipment of the claim 2 of 
this invention according to claim 1, with the light-scanning equipment in which the concave configuration is formed 
along the inclination direction of a counterelectrode Since the distance of a counterelectrode and a mirror is small so 
that the deflection angle of a mirror may not change Even if the distance of a counterelectrode and a mirror becomes 
small, in order that it not only can lower driver voltage, with a light-scanning angle maintained, but the slot formed in 
the electrode may ease the influence of viscous of air, The deflection angle of a mirror is maintainable to high 
frequency, further, with the flow of the air in the gap at the time of vibration, since there is little disorder, the fall of a 
variation rate can be prevented more effectively, operation of a mirror is stabilized, and blurring of an optical axis can 
be made small. By the electrostatic attraction between the electrodes which prepared the mirror supported with two 
beams prepared on the same straight line of the claim 3 of this invention in the position which counters a mirror In the 
light-scanning equipment which twists two beams and carries out both-way vibration as the axis of rotation With the 
light-scanning equipment with which a counterelectrode is the inclined plane which is not parallel to a mirror, and the 
concave configuration (slot) is formed in the mirror rear face Since the distance of a counterelectrode and a mirror is 
small so that the deflection angle of a mirror may not change Since it not only can lower driver voltage, with a light- 
scanning angle maintained, but the slot formed in the mirror rear face eases the influence of viscous of air even if the 
distance of a counterelectrode and a mirror becomes small, the deflection angle of a mirror is maintainable to high 
frequency. Since the mass can be made small, maintaining the rigidity of a mirror furthermore, it comes to be able to 
carry out the high-speed operation of the mirror. 

[0013] In the light-scanning equipment of the claim 4 of this invention according to claim 3, with the light-scanning 
equipment in which the concave configuration is formed along the inclination direction of a counterelectrode Since the 
distance of a counterelectrode and a mirror is small with light-scanning equipment so that the deflection angle of a 
mirror may not change Even if the distance of a counterelectrode and a mirror becomes small, in order that it not only 
can lower driver voltage, with a light-scanning angle maintained, but the slot formed in the electrode may ease the 
influence of viscous of air, The deflection angle of a mirror is maintainable to high frequency, further, with the flow of 
the air in the gap at the time of vibration, since there is little disorder, the fall of a variation rate can be prevented more 
effectively, operation of a mirror is stabilized, and blurring of an optical axis can be made small. Since the mass can be 
made small, maintaining the rigidity of a mirror furthermore, it comes to be able to carry out the high-speed operation 
of the mirror. With the light-scanning equipment with which the deflection angle of the mirror section which carries 
out torsional oscillation to the tilt angle of a counterelectrode in light-scanning equipment given in the claims 1, 2, 3, 
and 4 of the claim 5 of this invention is equal, driver voltage can be lowered to the smallest voltage, maintaining a 
light-scanning angle in the range which does not change the deflection angle of a mirror, since the distance of a 
counterelectrode and a mirror was the smallest. Since the light-scanning equipment concerning this invention is formed 
along an inclined plane in parallel with an inclined plane on the inclined plane of the mirror side of a mirror substrate, 
an opposite side and/or a mirror substrate, and the counterelectrode that counters as the slot was described above, an 
effect which was described above can be acquired. In addition, when forming a slot in the mirror side and opposite side 
of a mirror substrate, it can form along the inclined plane of a counterelectrode, a slot can be established in 
abbreviation parallel in the inclined plane of a counterelectrode, and it can also prepare in the other direction. The 
light-scanning equipment concerning such this invention can be used for readers, such as light-scanning equipment 
used for write-in systems, such as a digital copier and a LASER beam printer, or a bar code reader. 
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